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Original scientific paper 
Based on the conducted analyses, it has been proven that there is no generally accepted method for evaluation of characteristics and output parameters of 
drum brake mechanisms. Experimental research of the drum brake subsystem with brake fluid pressure in the brake cylinder as input quantity and brake 
torque as output quantity is presented in the paper. The obtained results show that there is a time delay between the output and input due to the response of 
the drum brake mechanism. This points to the deficiency of determination of brake performance in time domain, because, in comparison, excitation and 
response of the system are not adequate. Hence, the dynamic mode is observed in the analysis of the drum brake subsystem. Dynamic analysis determines 
the behaviour of the system in transient period. With previously known transfer characteristics of a system, its response can be determined in relation to 
the specified inputs (excitations), which is a good basis for determination of correlation between the results obtained by different methods of identification 
and under different test conditions.  
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Izvorni znanstveni članak 
Na temelju provedenih analiza, dokazano je da ne postoji opće prihvaćena metoda ocjene karakteristika i izlaznih parametara mehanizama bubanj kočnica. 
U radu su prikazana eksperimentalna istraživanja podsustava bubanj kočnica s ulaznom vrijednosti-tlakom kočione tekućine u cilindru kočnice i izlaznom 
vrijednosti-kočnim momentom. Dobiveni rezultati su pokazali da je između izlaza i ulaza postojalo vrijeme kašnjenja, zbog odgovora mehanizma bubanj 
kočnice. To ukazuje na nedostatak utvrđivanja performansi kočnica u vremenskoj domeni, jer u usporedbi nisu adekvatna uzbuda i odgovor sustava. Stoga 
se u analizi podsustava bubanj kočnice promatra dinamički mod. Dinamička analiza određuje ponašanje sustava u prijelaznom razdoblju. Uz već poznate 
prijenosne karakteristike sustava, njegov odgovor može biti određen u odnosu na navedene ulaze, uzbude, što je dobar temelj za određivanje korelacija 
između rezultata dobivenih različitim metodama identifikacije i pod različitim uvjetima ispitivanja. 
 
Ključne riječi: bubanj kočnice, eksperimentalna istraživanja, mehaničke karakteristike, obrada podataka 
 
 
1 Introduction  
 
The main task of the brake mechanisms is to achieve 
the required brake torque acting on the wheels of the 
vehicle, causing their slowing down, and thus braking of 
the vehicle. Therefore, the brake torque is a fundamental 
characteristic of every brake, the measuring tool of its 
functional properties or performances. Operating 
characteristic of the brake, which is often called the brake 
factor C*, links the activation force of hydraulic piston 
and brake torque as input and output values and includes 
all structural parameters of  the brake and the available 
friction factor between the friction surfaces. 
Vehicle design concept with disc brakes on the front 
wheels and drum brakes on the rear wheels enables 
manufacturers to continue providing most of the 
advantages of disc brakes, in addition to low production 
costs. Drum brakes are less expensive to produce than 
disc brakes, mostly because they can also operate as 
parking brakes, while disc brakes require a special 
parking brake mechanism [1]. 
The importance of the drum brakes comes from the 
fact that, in 2011, drum brakes were fitted to 45 per cent 
of new cars globally. This figure is set to remain above 40 
per cent for the next five years, with statistics indicating 
that over 40 million new cars will be fitted with drum 
brakes at registration in 2016. Smaller cars that use drum 
brakes are becoming more popular, driven by both the 
economy and the need to reduce emissions. Since 2008, 
the average engine size of new cars at registration has 
been downsized across Europe. Sometimes viewed simply 
as an old technology, the drum brakes are still the most 
cost effective solution for rear brakes in the vast majority 
of cars. There is also a dangerous misconception that the 
rear brakes are not as important as the front brakes, as the 
front brakes provide up to 80 % of the braking force. 
Even though the rear brakes contribute with less braking 
force, they still have a large impact on the stability of a 
car [8]. 
Calculation methods and testing procedures for drum 
brake mechanisms, present in a large number of papers, 
have passed through several stages in their development. 
Classic analytical design methods are based on a number 
of simplifications that significantly reduce the accuracy of 
the results [2, 3]. The utmost assumptions are to ignore 
elasticity of the drum and friction lining and to idealize 
pressure distribution on the friction surface [4]. 
Calculation methods have experienced intense 
development thanks to the development of computer 
techniques. In this way, numerical methods have become 
the basic calculation methods, without which it cannot be 
possible to imagine the development of many products 
today, in technologically advanced countries. These 
methods allow rapid analysis of many different 
combinations and selection of the optimal solution 
(optimization). Numerical methods [5, 6, 7] are 
approximate and require reliable information on which 
the boundary conditions are derived. From this, their 
direct link with the testing of brake mechanisms comes, 
that provides information of high precision and quality, 
thanks to the advancement of measurement and 
processing techniques and analysis of measurement 
results. In this way, the period needed for the 
development of new brakes' elements is significantly 
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reduced. A large part of the brake system testing is the 
verification of compliance with the requirements of 
international and national regulations. Developmental 
researches are very diverse and they are necessary for the 
introduction of a new product or improvement of the 
existing products. 
The conducted analysis shows that there are different 
research approaches and there is no generally accepted 
method for evaluation of properties and output parameters 
of drum brake mechanisms. This paper presents one way 
of defining the criteria for evaluation of mechanical 
properties of drum brakes for motor vehicles, which 
includes the phase of experimental measurements and the 
subsequent processing of recorded data. 
 
2 Experimental method 
 
In this paper, the experimental results [10] are used 
and a corresponding data analysis in frequency domain is 
performed. 
Simplex type of drum brake is mounted at the rear 
wheels of the tested passenger vehicle. Brake shoes of this 
simplex brake are supported on the bevel surface with 
respect to the vertical axis of the brake ("floating" shoes) 
and they are better adjusted to the drum and provide more 
even wear of lining. During the braking process, the brake 
torque which tends to slow down the drum is developed. 
At the same time, the torque equal in magnitude and 
opposite in direction acts and transmits to the shoes, 
seeking to turn them around in the direction of rotation. 
This torque, which is identically equal to the intensity of 
the brake torque, is transferred through the shoe's supports 
and brake cylinders to anchor plate made of sheet metal 
[9].  
The block diagram of the drum brake with the input - 
brake application pressure in the brake cylinder of the 
wheel (p) and the output - brake torque (Mk) is presented 
in Figure 1 [10]. 
During the analysis of the observed system, the 
dynamic mode is observed. The behaviour of the system 
in the transient regime (process of system's transition 
from one stationary state to another stationary state) is 
determined. The mathematical model describes the 
dynamic operation mode and components of the system 
and takes into account the time variation of input and 
output parameters [11]. 
 
 
Figure 1 Block diagram of the drum brake 
 
2.1 Measurement of pressure in the brake cylinder of drum 
brakes 
 
During the identification of the mechanical 
characteristics of drum brake, changes of brake 
application pressure in the brake cylinder of rear wheels 
were measured. The hydrostatic brake system was applied 
on the tested vehicle in which the command is transmitted 
from the brake pedal through pipes and hoses to the brake 
cylinders. This pressure forms the activation forces on the 
brake piston, i.e. piston rods of brake cylinders that 
activate the brakes. Constructive limitations prevent the 
installation of absolute pressure transducer HBM P3MA 
directly on the brake cylinder of drum brakes. By using 
especially built-in adapter, the transducer is mounted very 
close to the brake cylinder, assuming that there is a very 
small pressure drop along this short distance. The 
photograph of the mounted transducer P3MA in the brake 
line of the tested vehicle is given in Fig. 2 [10]. 
 
 
Figure 2 Mounting of pressure transducer P3MA in the brake line 
 
2.2 Measuring of the drum brake’s torque at independently 
suspended rear wheels 
 
Drum brake is a complex system consisting of a large 
number of elements with different characteristics. Viscous 
losses, mechanical friction and oscillatory system with 
specific rigidity may occur in the transmission path of the 
brake torque. All this leads to some losses, so, at the end, 
the developed brake torque, Mk, is not equal to the torques 
in different measurement points. Therefore, during the 
selection of measurement point for measuring the brake 
torque, special attention should be given to the fact that 
by moving away from the friction contact between lining 
and drum, the measurement error is increasing. 
 
 
Figure 3 Schematic display of measuring of brake torque indirectly, 
using the force transducer (1 – Force transducer with strain gauges, 2 – 
Lower joint's socket, 3 – Upper joint's socket, 4 – Joints, 5 – Screw and 
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For the purpose of this study and in the absence of 
a commercial wheel torque transducer (measuring hub) 
whose price is very high at the market, the prototype of 
measuring device meeting all the requirements in the field 
of brake testing was used. 
The torque is measured indirectly by the force 
transducer (Fig. 3). The extension force is measured by 
strain gauges connected in a full Wheatstone bridge in the 
transducer. The newly formed transfer path of 
transmitting the torque enables the entire brake torque to 
transfer from the anchor plate to the screw connecting the 
wheel spindle and the shock absorber and swinging arm 
over to the force transducer. Deformation of the wheel 
spindle and other losses in the system may be considered 
negligible. The ends of the transducer are attached by 
screws to the joints that recline in conical sockets. In this 
way, the joint connection is achieved which is necessary 
for force transducer to be exposed to extension and not to 
bending. 
Basic features of this solution for brake torque 
transducer are: 
- the force transducer registers only brake torque, 
- the entire brake torque is transmitted through the 
force transducer, causing extension stress, 
- the measuring point in this transducer solution is 
related to the existence of measurement error due to 
losses in the transmission of brake torque, which 
must be taken into account when analysing the results 
of the experiments, 
- the measuring system is not symmetrical (installation 
of transducer and transmission of load). 
 
 
Figure 4 Mounting of the drum brake torque transducer on the test 
vehicle 
 
Mounting of brake torque transducer on the brake 
drum of tested vehicle is shown in the photograph in 
Figure 4. 
Calibration of developed braking torque sensor is 
done in the laboratory and on the vehicle. The procedure 
was as follows: 
- force transducer with joint connections and anchor 
plate with welded mount were built in drum brake 
assembly, 
- drum brake assembly is built on the test vehicle, 
- shock absorber was placed with its lower end on the 
support block, 
- activation of the brake by pressing the brake 
command has secured sufficient pressure in the brake 
cylinder of drum brakes to move apart brake shoes, 
bring them into contact with the drum and prevent its 
rotation (the drum was blocked), 
- the lever was bolted with two screws to the drum and 
load (braking torque) was applied with the help of 
cranes, 
- the vertical force acting on the lever was recorded by 
HBM force transducer. 
 
2.3 Measurement of the motor vehicle wheel's speed 
 
In addition to the wheel speed, the other significant 
quantities may be determined, such as: kinematic radius 
of the wheel, sliding speed, the coefficient of adhesion, 
etc. Some systems that are installed on contemporary 
motor vehicles have speed transducers as constituent 
components of, for example, ABS (the anti-blocking 
system), ASR (anti-sliding system) and EFI (electronic 
control of fuel injection) systems. Fig. 5a shows a 
schematic display of the measuring chain for 
measurement of the speed of the test vehicle's rear 
(driven) wheel by using a magnetic non-contact pulse 
transducer. The photo of the mounted transducer is given 
in Fig. 5b. Toothed wheel is firmly attached to drum with 
screws. The toothed wheel has 60 equally distributed 
teeth. The metal bracket is mounted opposite to Bosch 
speed transducer, which is attached to the anchor plate. 
The two existing M6 screws that secure the drum brake 
cylinder to the anchor plate were used for mounting and 






Figure 5 The components of the measuring set up for recording the rear 
wheel's speed 
 
Changes of brake line pressure, brake torque and 
braked wheel's speed were recorded during the braking 
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Figure 6 Change of pressure, brake torque and wheel's speed for a fully 
loaded vehicle and the initial speed of 60 km/h 
 
The diagrams in Figs. 6 to 9 show the changes in 
pressure and brake torque in time domain during the 
braking tests with the disengaged coupling for ready-to-
drive and fully loaded vehicle, as well as for different 
initial velocities of the braking process.  
  















 vehicle ready to drive
 fully loaded vehicle
 
Figure 7 Influence of the vehicle's weight on the brake application 
pressure (initial speed 80 km/h) 
 

























Figure 8 Influence of the initial vehicle speed on the brake torque 
(ready-to-drive vehicle) 
 
After the braking test with initial vehicle speed v0 = 
40 km/h, the braking is done with v0 = 60 km/h and v0 = 
80 km/h. The time period between two braking tests was 
about 1 min. The larger increase in brake application 
pressure and brake torque required to stop a fully loaded 
vehicle is obvious. 
 

















 vehicle  ready to drive
 fully loaded vehicle
 
Figure 9 Influence of the vehicle's weight on the brake torque (initial 
speed 80 km/h) 
 
Fig. 10 shows the influence of changes of brake 
application pressure on output values of brake. Change of 
the brake torque in Fig. 10 shows that, after the end of 
braking and drop of brake torque to zero, the pressure 
drop in brake lines happens with some time delay. 
 
    
Figure 10 Brake torque vs. brake application pressure 
 
3 Analysis of the experimental results 
 
Preliminary analysis of the recorded signals showed 
that they belong to the class of the transient processes, 
and the data processing based on the theory known from 
[12, 13, 14] was performed. 
For the analysis of experimentally recorded data time 
series, software ANALSIGDEM [15] and DEMPARCOH 
[16] realized on the basis of the theory known from [12, 
13, 14, 17, 18] were used.  
During the experimental research, records of the 
length of 13,639 s with sampling interval, Δt = 0,00666 s 
(sample size was 2048) were registered. Sampling 
frequency was 150 Hz. In this way, the minimum 
frequency of 0,0733 Hz and maximum frequency of 75,07 
Hz were obtained. Since the resonance frequencies of the 
system are above 5 Hz, it is obvious that the length of the 
signals is satisfactory. 
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For these parameters and for the realized number of 
averages (524), the statistical errors were calculated by 
auto and cross-spectral density function calculation. Their 
values, for the usual technical damping of these systems 
and the actual resonant frequency are: 
- relative "bias" error 0,005, 
- relative "random" error 0,043 for single-channel 
signal and 
- relative "random" error for the two-channel signal 
0,060, which is quite satisfactory according to [12, 
13, 14]. 
 
3.1 Autocorrelation functions 
 
Figs. 11 and 12 show the obtained autocorrelation 
functions of brake application pressure and brake torque, 
respectively. 
  





























 80 km/h fully loaded vehicle
 
Figure 11 Autocorrelation function of brake application pressure 
 
As an illustrative example, the events that correspond 
to the initial speed of 80 km/h are shown. It is obvious 
that the values of autocorrelation functions decrease with 
respect to the time delay, . This suggests that the 
observed processes are transient. 
  





























 80 km/h fully loaded vehicle
 
Figure 12 Autocorrelation function of brake torque 
 
3.2 Auto spectral density functions 
 
Examples of magnitudes and phases of auto spectral 
density functions of pressure at initial vehicle speed of 40 
km/h for the fully loaded vehicle are given in Figs. 13 and 
14. The value of the auto spectral density function 
magnitude is the largest at low frequency ranges, from 
0,18 bar2·Hz (f = 8,94 Hz) to 28,36 bar2·Hz (f = 0,15 Hz). 
Values of phase vary within the range of –1,56 rad (f = 
7,33 Hz) to 1,57 rad (f = 5,87 Hz). 
 




































 40 km/h fully loaded vehicle
 
Figure 13 Magnitude of auto spectral density function of the pressure 
 


































 40 km/h fully loaded vehicle
 
Figure 14 Phase of auto spectral density function of the pressure 
 
The analysis of all obtained data shows that the 
values of the magnitude of auto spectral density function 
of the pressure are in the range from 0,01 bar2·Hz (f = 
7,33 Hz, v0 = 60 km/h, fully loaded vehicle) to 30,57 
bar2·Hz (f = 0,15 Hz, v0 = 80 km/h, fully loaded vehicle). 
The values of phase are within the range from –1,57 rad (f 
= 7,04 Hz, v0 = 80 km/h, ready-to-drive vehicle) to 1,57 
rad. 
Figures 15 and 16 represent examples of magnitudes 
and the phases of auto spectral density function of brake 
torque for initial vehicle speed of 40 km/h for the fully 
loaded vehicle. Values of the magnitude of auto spectral 
density function of the brake torque are in the range from 
0,27 N2·m2·Hz (f = 9,82 Hz) to 146,82 N2·m2·Hz (f = 0,15 
Hz). Corresponding phase values are in the range from –
1,56 rad (f = 6,31 Hz) to 1,48 rad (f = 0,88 Hz). 
The analysis of all obtained data showed that the 
values of magnitudes of auto spectral density function of 
the brake torque are in the range from 0,17 N2·m2·Hz (f = 
7,62 Hz, v0 = 40 km/h, ready-to-drive vehicle) to 167,96 
N2·m2·Hz (f = 0,15 Hz, v0 = 60 km/h, fully loaded 
vehicle). The values of phase are in the range from –1,57 
rad (f = 2,79 Hz, v0 = 60 km/h, ready-to-drive vehicle) to 
1,57 rad. 
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 40 km/h fully loaded vehicle
 









































 40 km/h fully loaded vehicle
 
Figure 16 Phase of auto spectral density function of the brake torque 
 
3.3 Cross-correlation functions 
 
Maximum values of cross-correlation function 
between pressure and brake torque for different initial 
velocities of the braking process are in the range from 
66,04 bar·N·m (τ = 0,053 s, v0 = 60 km/h, ready-to-drive 
vehicle) to 239,02 bar·N·m (τ = 0,047 s, v0 = 60 km/h, 
fully loaded vehicle). Time delay is in the range from 
0,027 s to 0,06 s.  
 
 


































Time de lay /s
 40 km/h fully loaded vehicle
 
Figure 17 Cross-correlation function between pressure and brake torque 
 
The cross-correlation function between pressure and 
brake torque for the initial vehicle speed of 40 km/h and 
fully loaded vehicle is shown in Fig. 17. The maximum 
value of cross-correlation function is 205,91 bar·N·m and 
its corresponding time delay is 0,053 s. 
Analysis of the influence of vehicle weight and initial 
velocity on the cross-correlation function between 
pressure and brake torque is shown in Figures 18 and 19. 
It can be noticed that the increase in the vehicle 
weight (72,96 bar·N·m, τ = 0,053 s to 205,91 bar·N·m, τ = 
0,053 s) and initial velocity (72,96 bar·N·m, τ = 0,053 s to 
84,92 bar·N·m, τ = 0,006 s) significantly affects the 
maximum values of cross-correlation functions between 
pressure and brake torque. This means that these 
parameters also affect the parameters of the braking 
process. 
 




































 vehicle ready to drive
 fully loaded vehicle
 
Figure 18 Influence of the vehicle's weight on cross-correlation function 
between pressure and brake torque (initial vehicle speed 40 km/h) 
 







































 4 0 k m/h
 8 0 k m/h
 
Figure 19 Influence of the initial speed on cross-correlation 
function between pressure and brake torque (ready-to-drive vehicle) 
 
3.4 Cross-spectral density functions 
 
Illustrative examples of magnitudes and phases of the 
cross-spectral density function between pressure and 
brake torque are presented in Figs. 20 and 21. It is 
obvious that the value of the cross-spectral density 
function magnitude is the largest at low frequency ranges 
and that it is in the range from 0,12 bar·N·m Hz (f = 3,96 
Hz) to 2994,66 bar·N·m·Hz (f = 0,15 Hz). Values of phase 
are within the range –2,38 rad (f = 3,96 Hz) to 3,07 rad (f 
= 7,62 Hz).  
The analysis of all data obtained during processing 
shows that the maximum values of cross-spectral density 
function magnitudes are in the range from 1498,70 
bar·N·m·Hz (f = 0,15 Hz, v0 = 60 km/h, ready-to-drive 
vehicle) to 5022,17 bar·N·m·Hz (f = 0,15 Hz, v0 = 60 
km/h, fully loaded vehicle). The maximum values of 
phase are in the range from 2,83 rad (f = 6,31 Hz, v0 = 40 
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km/h, fully loaded vehicle) to 3,10 rad (f = 5,57 Hz, v0 = 
80 km/h, ready-to-drive vehicle). 
  





















































 80 km/h fully loaded vehicle
 
Figure 20 Magnitude of the cross-spectral density functions between 
pressure and brake torque 
  







































 80 km/h fully loaded vehicle
 
Figure 21 Phase of the cross-spectral density function between pressure 
and brake torque 
  


















































 vehicle ready to drive
 fully loaded vehicle
 
Figure 22 Influence of the vehicle's weight on the magnitude of cross-
spectral density function between pressure and brake torque 
 
The results of analysis of the influence of the 
vehicle's weight on the magnitude and phase of cross-
spectral density function between pressure and brake 
torque for initial speed of 80 km/h are shown in Figs. 22 
and 23. It can be noticed that the increase in vehicle 
weight affects the increase in maximum value of the 
magnitude (from 2621,9 bar·N·m·Hz, f = 0,15 to 4685,46 
bar·N·m·Hz, f = 0,15 Hz), and that it has small influence 
on maximum value of cross-spectral density phase 
between pressure and brake torque (from 2,99 rad, f = 
3,52 Hz, ready-to-drive vehicle, up to 3,02 rad, f = 2,49 
Hz, for fully loaded vehicle). 
 
















































 vehicle ready to drive
 fully loaded vehicle
 
Figure 23 Influence of the vehicle's weight on the phase of cross-
spectral density function between pressure and brake torque 
 
The influence of the initial vehicle speed on 
magnitude and phase of cross-spectral density function 
between pressure and brake torque is presented in Figs. 24 
and 25. It can be seen that the increase of initial speed of 
the vehicle affects the increase of maximum value of the 
magnitude (from 3981,47 bar·N·m·Hz, v0 = 40 km/h to 
4685,46 bar·N·m·Hz, v0 = 80 km/h at f = 0,15 Hz) and that 
it has small influence on maximum value of cross-spectral 
density function phase between pressure and brake torque 
(from 2,98 rad, f = 8,21 Hz, 40 km/h, over 3,02 rad, f = 
2,49 Hz, 60 km/h to 3,07 rad, f = 7,62 Hz, 80 km/h). 
 





















































Figure 24 Influence of the initial speed on the magnitude of cross-
spectral density function between pressure and brake torque 
 













































Figure 25 Influence of the initial speed on the phase of cross-spectral 
density function between pressure and brake torque 
 
3.5 Coherence functions 
 
Analysis of data in Fig. 26 shows that the values of 
coherence function are in the range from 0,435 to 0,590. 
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The influence of vehicle's weight in the process of 
braking until stopping the vehicle is displayed in Fig. 27 
for initial speed of v0 = 40 km/h. Coherence function 
values are in the range from 0,44 to 0,62 for ready-to-
drive vehicle and from 0,455 to 0,75 for fully loaded 
vehicle. 
  























 60km/h vehicle ready to drive
 
Figure 26 Coherence function between pressure and brake torque 
  




















vehicle ready to drive
fully loaded vehicle
 
Figure 27 Influence of vehicle's weight on the coherence function 
between pressure and brake torque 
 
The influence of the initial speed of the vehicle 
during braking until stopping the vehicle can be seen in 
Fig. 28. Coherence values are in the ranges from 0,455 to 
0,741 (v0 = 40 km/h), from 0,44 to 0,61 (v0 = 60 km/h) 
and from 0,46 to 0,765 (v0 = 80 km/h). 
 
 

























Figure 28 Influence of the initial speed on the coherence function 
between pressure and brake torque 
 
The obtained data shows that the values of coherence 
function are in the range from 0,225 (f = 31,38 Hz, v0 = 
80 km/h, ready-to-drive vehicle) to 0,834 (f = 22,58 Hz, v0 
= 80 km/h, fully loaded vehicle). Based on the analysis of 
all coherence function data, it can be stated that there is a 
correlation between the brake fluid pressure in the system 
and the brake torque. This coupling is larger at higher 
frequencies. Values lower than 1 can be explained by 
existence of nonlinearities, clearances, noise, etc. 
 
3.6 Probability density functions 
 
Fig. 29 illustrates one of the calculated probability 
density functions for the brake torque as the function of 
the amplitude for the initial speed of 60 km/h in the case 
of ready-to-drive vehicle. The maximum value of 
probability density is 50,98 % and it corresponds to the 
amplitude of –3,0 N·m and the second peak is at the 
amplitude 147,0 N·m and value of probability density is 
24,12 %. 
 




























 60 km/h vehicle ready to drive
 
Figure 29 Probability density function of the brake torque as a function 
of the amplitude 
 
The analysis of obtained data shows that maximum 
values of probability density function of brake torque are 
in the range from 50,2 to 58,5 % (amplitude –1,0 N·m, v0 
= 40 km/h, fully loaded vehicle). The analysis of obtained 
data shows that maximum values of probability density 
function-pressure are in the range from 50,0 % (amplitude  
–3,0 bar, v0 = 80 km/h, fully loaded vehicle) to 65,23 % 
(amplitude –3,0 bar, v0 = 40 km/h, fully loaded vehicle). 
Influence of changes of the vehicle's weight on 
probability density of brake torque for the initial speed of 
60 km/h is shown in Fig. 30. The maximum value of the 
probability density varies within the limits of 50,98 % for 
the amplitude of –3,0 N·m for ready-to-drive vehicle, up 
to 54,30 % for fully loaded vehicle, which corresponds to 
the same amplitude of the –3,0 N·m.  
The influence of initial velocity in the braking 
process on probability density of brake torque is shown in 
Fig. 31. Maximum values are practically identical and 
they are within the limits of 50,39 % for amplitude –3,0 
N·m and initial speed 40 km/h, over 50,98 % in amplitude 
–3,0 N·m and initial speed 60 km/h, back to 50,39 % for 
amplitude –3,0 N·m and initial speed 80 km/h. The 
second peaks change from 18,16 % (v0 = 40 km/h, 
amplitude 165,0 N·m), over 24,12 % (v0 = 60 km/h, 
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amplitude 147,0 N·m) to 15,92 % (v0 = 80 km/h, 
amplitude 195,0 N·m. 
 
 





























 vehicle ready to drive
 fully loaded vehicle
 
Figure 30 Influence of vehicle's weight on the probability density of the 
brake torque 
  

































Figure 31 Influence of initial speed on the probability density of the 
brake torque 
 
Fig. 32 illustrates one of the calculated probability 
density functions of pressure as the function of the 
amplitude for initial speed of 60 km/h, in the case of 
ready-to-drive vehicle. The maximum value of the 
probability density is 50,29 % and it corresponds to the 
amplitude of –1,0 bar. 
  




























Amplitud e /b ar
 60 km/h vehic le ready to drive
 
Figure 32 Probability density function of the pressure as a function of 
the amplitude 
 
The influence of vehicle's weight on the value of the 
probability density of pressure for the initial speed of 40 
km/h is shown in Fig. 33. The maximum values of the 
probability density are identical for ready-to-drive vehicle 
and for fully loaded vehicle (50,2 %, which corresponds 
to the amplitude of the –1,0 bar). 
 































 vehicle ready to drive
 fully loaded vehicle
 
Figure 33 Influence of vehicle's weight on the probability density of the 
pressure 
 
Analysis of the effects of initial velocity in the 
braking process on probability density of pressure (Fig. 
34) shows that the maximum values are identical for all 
initial speeds (50,2 %, which correspond to the amplitude 
of the –1,0 bar). The second peaks change from 17,48 % 
(v0 =40 km/h, amplitude 47,0 bar), over 26,76 % (v0 = 60 
km/h, amplitude 49,0 bar) to 23,24 % (v0 = 80 km/h, 
amplitude 39,0 bar). 
 




































Figure 34 Influence of initial speed on the probability density of the 
pressure 
 
3.7 The transfer functions 
 
Illustrative diagram of the transfer function of the 
pressure-brake torque in the frequency domain for the 
initial speed of 80 km/h and ready-to-drive vehicle is 
shown in Fig. 35. Transfer function values are in the 
range from 0,632 N·m/bar (f = 32,26 Hz) to 56,02 
N·m/bar (f = 25,22 Hz).  
The obtained data show that the values of transfer 
function are in the range from 0,273 N·m/bar (f = 32,845 
Hz, v0 = 40 km/h, ready-to-drive vehicle) to 83,48 Nm/bar 
(f = 8,5 Hz, v0 = 60 km/h, ready-to-drive vehicle).  
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 80 km/h vehicle  ready to dri ve
 
Figure 35 Transfer function between pressure and brake torque 
 
By considering the influence of the vehicle's weight 
on transfer functions for the initial speed of braking of 80 
km/h (Fig. 36), it is apparent that there is a slight decrease 
of the maximum value of transfer function, which is in the 
range from 0,441 N·m/bar (f = 32,26 Hz) to 83,48 
N·m/bar (f = 8,504 Hz) for ready-to-drive vehicle and is 
in the range from 0,643 N·m/bar (f = 34,605 Hz) to 
78,776 N·m/bar (f = 7,918 Hz) for the fully loaded 
vehicle. 
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Figure 36 Influence of vehicle's weight on the transfer function between 
the pressure and brake torque 
 
 





























Figure 37 Influence of initial speed on the transfer function between the 
pressure and brake torque 
Effects of initial velocity of the braking process on 
the transfer function pressure-brake torque (Fig. 37) lead 
to changes in value which varies within the range of 1,692 
N·m/bar (f = 4,399 Hz) to 55,926 N·m/bar (f = 20,235 Hz) 
for the initial speed of 40 km/h, from 0,441 N·m/bar (f = 
32,259 Hz) to 83,48 N·m/bar (f = 8,504 Hz) for the speed 
of 60 km/h, 0,632 N·m/bar (f = 32,259 Hz) to 56,021 
N·m/bar (f = 25,22 Hz) for the initial speed of 80 km/h, all 
this in case of fully loaded vehicle. 
 
3.8 Probability functions 
 
Illustrative examples of probability functions of 
torque and pressure in the function of amplitude at an 
initial speed of 40 km/h and for ready-to-drive vehicle are 
given in Figs. 38 and 39. The maximum value of 1,0 of 
the probability function of pressure is achieved at the 
amplitude of 25,0 bar and probability function of torque is 
achieved at amplitude of 171,0 N·m. 
 























 40 km/h vehic le ready to drive
 
Figure 38 The probability-pressure as function of amplitude 
 
By analysis of the influence of vehicle's weight on the 
probability function of brake torque (Fig. 40) for the 
initial vehicle speed of 60 km/h, it can be concluded that 
the probability function reaches value 1,0 for the value of 
the amplitude of torque of 153,0 N·m, for ready-to-drive 
vehicle, and of 297,0 N·m for the fully loaded vehicle. 
 

























 40 km/h vehicle ready to drive
 
Figure 39 Probability-torque as function of the amplitude 
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 vehicle ready to drive
 fully loaded vehicle
 
Figure 40 The influence of the vehicle's weight on the probability 
function-torque 
 
Based on diagram in Fig. 41, it can be concluded that 
the probability function reaches value 1,0 for the value of 
the amplitude of torque of 171,0 N·m, for initial speed v0 
= 40 km/h, of 153,0 N·m for initial speed v0 = 60 km/h, of 
201,0 N·m for initial speed v0 = 80 km/h. A ready-to-drive 
vehicle was considered. 
 
 






























Figure 41 Influence of initial speed on the probability function-torque 
 
 























 vehic le ready t o drive
 fully l oaded vehicle
 
Figure 42 The influence of the vehicle's weight on the probability 
function-pressure 
 
From the analysis of the influence of vehicle’s weight 
on the probability function-pressure (Fig. 42), for the 
initial vehicle speed 60 km/h, it can be concluded that  
probability-pressure function reaches 1,0  at the amplitude 
of 27 bar, for ready-to-drive vehicle and at the amplitude 
51 bar, for fully loaded vehicle. 
By analysing the diagram in Fig. 43, it can be 
concluded that probability function-pressure reaches the 
value of 1,0 at the amplitude of pressure of 49,0 bar, for 
initial speed of 40 km/h, and for amplitude of 51,0 bar 
and for speeds 60 km/h and for amplitude of 39,0 bar and 
for speeds 80 km/h. A fully loaded vehicle is considered 
here. 
 



























Figure 43 Influence of initial speed on the probability function-pressure 
 
3.9 Density of mutual probability 
 
The density of mutual probability as a function of 
pressure and brake torque for initial speed of 80 km/h and 
for ready-to-drive vehicle is shown in Fig. 44. The 
maximum value is 0,732 %. Density of mutual probability 
varies within the limits from 0,146 (v0 = 40 km/h, fully 













































Pressure /bar  
Figure 44 Density of mutual probability for an initial speed of 80 km/h 
and the vehicle that is ready-to-drive 
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4 Conclusion 
 
Based on the conducted research, the following can 
be concluded: 
1) The developed methodology of experimental research 
of mechanical properties of drum brakes can be 
applied with sufficient reliability in practice. 
2) Data processing methods used in this paper allow the 
analysis of actual mechanical characteristics of drum 
brakes during operation. 
3) The obtained results indicate a nonlinear 
transformation of the brake fluid pressure into the 
brake torque and a significant influence of the 
parameters of the vehicle's weight and initial speed of 
the vehicle observed at the beginning of the transient 
process. Based on the analysis of all data on 
coherence function, it can be stated that, in the 
presented system, there is a correlation between the 
brake fluid pressure in the brake system and the brake 
torque. This coupling is larger at higher frequencies. 
Values lower than 1,0 are explained by existence of 
nonlinearities, clearances, noise, etc. By considering 
the influence of the vehicle's weight on the transfer 
functions, it may be concluded that apparently there 
is a slight decrease of the value of transfer function. 
Changing the initial velocity of the braking process 
has influence on the transfer function pressure-brake 
torque, where the maximum values correspond to 
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